INTRODUCTION
While the human immunodeficiency virus (HIV) epidemic has left virtually no region of the world unaffected, the disparities between rich and poor countries in HIV/AIDS prevention, diagnosis, and care are glaringly apparent. Not long ago the gap between resource-poor and wealthier nations seemed insurmountable. For many years the world failed to face the magnitude of the problem in those countries most affected and felt powerless over a perceived inability to mobilize the resources needed to provide services. While the situation has improved in recent years, to some degree, there are still significant disparities in access to comprehensive HIV services. The prevention of mother-to-child transmission (PMTCT) remains one area of HIV management where striking differences in care and treatment exist across the world. Two-thirds of the world's 33 million HIV-positive individuals live in sub-Saharan Africa (44) (Fig. 1) . In this region, women make up half of infected individuals, though their share of infections is increasing in several countries (44) (Fig. 2) . Most are in their child-bearing and child-rearing years (47) . HIV-positive women have a significant risk of transmitting the virus to their infants if effective interventions are not provided. Work in the United States and other developed nations has shown that mother-to-child transmission (MTCT) of HIV can be effectively interrupted with antiretroviral (ARV) therapy (ART); however, that capacity has yet to be fully realized in many poor countries of the world, most notably those in subSaharan Africa. The 2 million children currently living with HIV (44) speak to our inability to deliver those interventions everywhere. The problem is ongoing and severe; in 2007, an estimated 370,000 children became infected with HIV (44)-more than 1,000 children every day. Without care and treatment, more than half of them will die before their second birthday (95) .
In the United States and other resource-rich countries where PMTCT services are widely available, perinatal infection is now a rare occurrence. Effective prevention of MTCT requires access to testing early and late in pregnancy and the ability to deliver ART to mothers and their infants. Prevention of transmission can be difficult in part because HIV transmission can occur during pregnancy, labor, and delivery or after birth through breast-feeding. Without any intervention, the risk of transmission ranges from 15 to 40% (28) . Currently, almost 90% of the world's 2 million HIV-positive children reside in Africa (44) .
While there are clear differences in the delivery of prevention services between the two continents, there remain some similarities. Although the scales of the epidemic are quite different, HIV continues to spread in both regions. In the United States, in spite of widespread testing and counseling services, prevention campaigns, and access to care and treatment, new infections continue to occur. The newly revised estimate from the Centers for Disease Control and Prevention (CDC) showed that more than 56,000 new infections occurred in 2006 (16) . While almost half of those living with HIV in the United States are men who have sex with men, women account for 25% of the nation's HIV prevalence (15) . As in the developing world, the proportion of women acquiring HIV has risen over the course of the epidemic and is largely related to heterosexual risk. The number of AIDS cases reported in women Ͼ13 years old in the United States increased from 7% in 1985 to 27% in 2006 (14) . Furthermore, in the United States almost 75% of female infections are due to sex with high-risk partners (14) . Even more concerning is the fact that a substantial proportion of infected individuals are unaware of their diagnosis; of the one million Americans living with the disease at the end of 2006, it is estimated that one in five is unaware of their infection (15) . Clearly, the United States still has considerable work to do.
The magnitude of the problems and the need for care in Africa are daunting. Notable examples include South Africa, a nation of over 49 million (18) , which remains the country with the largest number of HIV infections in the world, with an estimated 5.7 million individuals living with the disease in 2006 (44) . The tiny nation of Swaziland has among the worst statistics; in 2006, the median HIV prevalence among women attending prenatal clinics was approaching 40%. A recent population-based survey in Swaziland found that 26% of adults ages 15 to 49 are infected with HIV-one in four people (47) . While the United States has nowhere near the magnitude of disease as many of the nations of sub-Saharan Africa, both regions have faced some similar obstacles and failures. At the same time, many successful interventions have been made and progress continues in this area, with much to be learned from developments in both regions. This review will highlight some of the successes and failures in the area of prevention of MTCT of HIV, focusing on the United States and Africa. In spite of the vast differences in disease burden and resources, there remain some similarities, especially regarding barriers to diagnosis, treatment, and prevention services. However, we know how to diagnose HIV infection in women, we know how to prevent most transmissions, and we know how to provide care for infants exposed to HIV at birth. Implementation of these practices, even if not perfect, has resulted in neonatal HIV infection becoming a rare event in most of the developed world. If appropriate diagnosis and care were provided to all women worldwide and if we were able to develop an effective means to prevent breast milk transmission, a newly infected HIV-positive infant could become as rare in Africa as it is in the United States today.
HISTORICAL OVERVIEW OF HIV IN THE UNITED STATES AND MTCT
After AIDS was first described in 1981, it was not long before the possibility of MTCT was realized (2, 13, 70, 76, 79) . A series of case reports was published in Pediatrics in 1984, describing three female half-siblings whose mother was a prostitute and drug addict. The mother showed clinical and laboratory evidence indicative of AIDS. All three children had chronic candidal infections, and two of the three died from Pneumocystis jirovecii pneumonia (27) . In the discussion the authors wrote, "there are several compelling reasons to suspect that these three half-siblings have an acquired immunodeficiency disease similar to what is being termed AIDS in adults" (27) . They go on to state that while it is known that HIV can be transmitted via blood product transfusion, this case series of half-siblings suggests that another route may be across the placenta or through contact with cervical secretions. They concluded that "careful follow-up and observation of offspring from high-risk mothers should be done and the possibility of AIDS considered in such children with unusual clinical problems" (27) . Today it is well known that vertical transmission of HIV can occur in utero, as a result of fetal exposure to HIV across the placenta or in the amniotic fluid; during the birth process via direct contact with blood or infected maternal cervical and vaginal secretions; and postnatally, via breast milk (56, 59, 61, 68, 71, 89, 90) . Table 1 summarizes maternal and infant risk factors contributing to HIV transmission to the infant.
Significant progress has been made since the discovery of HIV in the early 1980s, specifically with regard to vertical transmission. The landmark study by the Pediatric AIDS Clinical Trials Group Protocol 076 (PACTG 076) showed that MTCT of HIV could be reduced by as much as two-thirds with a regimen of zidovudine prior to and during delivery and to the infant after delivery for 6 weeks (23). This randomized, double-blind, placebo-controlled trial enrolled 477 HIV-infected pregnant women from April 1991 to December 1993. Inclusion criteria were women with pregnancies between 14 to 34 weeks of gestation, CD4 lymphocyte counts of above 200, and no prior history of ART. Women on the zidovudine arm received both antepartum and intrapartum zidovudine until completion of delivery, and the infant received zidovudine for the first 6 weeks of life. The proportion of infants infected at 18 months in the zidovudine group was 8.3%, compared to 25.5% in the placebo group, corresponding to a 67.5% relative reduction in HIV transmission risk (23) . Today, zidovudine is still a part of therapy for PMTCT in the United States and other resourcerich countries, though it is now generally provided as a component of highly active ART (HAART), and MTCT is now extremely rare in such countries, with transmission rates typically less than 2% (17, 28, 40, 41, 67, 72, 90, 91) . It typically is impractical for resource-poor nations to adopt such a policy, however, owing to multiple factors, including prohibitive cost, complexity and length of the regimen, and inability to get women into prenatal care early.
In 1985, the CDC released its first set of recommendations for HIV testing of pregnant women. At the time, the virus known to cause AIDS was referred to as human T-lymphotropic virus type III/lymphadenopathy-associated virus (9) . The CDC's recommendations pointed out that through counseling, HIV-positive women could delay pregnancy until more was known regarding perinatal transmission of the virus (9) . Given the lack of treatment options available at the time, pregnancy prevention was one of few benefits to knowing one's status. Screening at this time was primarily risk-based, focusing on sex workers, intravenous drug users, and women from other countries with a higher burden of HIV disease (40) .
It was not long, however, before it became apparent that risk-based screening was largely insufficient in the identification of substantial numbers of HIV-infected pregnant women. In response to PACTG 076, the CDC developed new recommendations for pregnant women with regard to HIV testing (40) . In 1995, the U.S. Public Health Service recommended routine voluntary HIV counseling and testing for all pregnant women, "to address the increasing epidemic of HIV infection among women and their infants" (12) . By 2001 the recommen- dations were revised to emphasize HIV testing as a routine part of prenatal care (10, 40) . In spite of these new recommendations, the number of vertical transmissions remained unacceptably high, in part due to lack of timely diagnosis of pregnant women with HIV infection (many of whom received little or no prenatal care) (7, 11) . In 2006, recommendations were further revised to make HIV testing a routine component of prenatal screening tests. A key element in the revised guidelines was the concept of "opt-out" testing, whereby testing is performed unless the patient declines (7) . Specifically, the guidelines state that (i) HIV screening should be included in the routine panel of prenatal screening tests for all pregnant women; (ii) HIV screening is recommended after the patient is notified that testing will be performed unless the patient declines (opt-out screening); (iii) separate written consent for HIV testing should not be required, and general consent for medical care should be considered sufficient to encompass consent for HIV testing; and (iv) repeat screening in the third trimester is recommended in certain jurisdictions with elevated rates of HIV infection among pregnant women (7) . The last recommendation applies to women living in areas with an HIV incidence of Ն17 cases per 100,000 person-years, as it is cost-effective and may result in significant MTCT reductions (7, 77) . This criterion applies to several urban areas of the United States (essentially all of sub-Saharan Africa is above this threshold). While these recommendations are highly regarded by the medical profession, there are still barriers to overcome among politicians at the state level, where HIV testing laws are made. It is worth noting that a few states (New York and Connecticut) mandate testing of all newborns, and in North Carolina, as of January 2009, testing is mandated for all women with unknown HIV status at the time of labor and delivery (66) . Unfortunately, however, the opt-out strategy has not been implemented in every state. The National HIV/ AIDS Clinicians' Consultation Center provides an updated compendium on HIV testing laws specific to each state, and guidelines can be downloaded at http://www.nccc.ucsf.edu /StateLaws/Index.html.
HISTORY OF HAART AND PMTCT SERVICES IN THE UNITED STATES
In the United States today, perinatal HIV infection has become a rare occurrence, and its prevention is considered a great public health success story. Studies have demonstrated that the maternal plasma HIV RNA level is the most important predictor of MTCT risk (24, 35, 42, 64, 71, 80) . In women with replicating virus, other intrapartum factors affect the risk of transmission. Current PMTCT packages focus on risk reduction via methods that have proven to be of benefit, including combination ART during pregnancy for infected mothers, cesarean delivery, and avoidance of breast-feeding (40) .
Elective cesarean delivery prior to rupture of membranes has been demonstrated to reduce the risk of HIV transmission by half compared to vaginal delivery (33) . A meta-analysis of 15 prospective cohort studies in the United States and Europe reviewed data from over 8,000 mother-infant pairs, and after adjusting for multiple covariates (including receipt or not of ART, infant birth weight, and maternal stage of disease), the likelihood of HIV type 1 (HIV-1) transmission was lower with elective cesarean section (prior to rupture of membranes) than with other modes of delivery (57% efficacy) (33) . The mechanism underlying this risk reduction is thought to be due to a reduction in the infant's exposure to contaminated maternal blood and vaginal and cervical secretions (33) . It has also been demonstrated that maternofetal transfusion is lower in cases of scheduled cesarean section compared to vaginal delivery (50); whether "micro" blood transfusions from mother to infant during uterine contractions contribute to MTCT remains unclear.
In the United States and most other developed countries today, elective cesarean section is easily accessible, and it is often part of the prescribed package of PMTCT services for women with HIV. Current recommendations in the United States are for scheduled cesarean delivery at 38 weeks for women with an HIV viral load of Ͼ1,000 copies/ml at or near the time of delivery. This is irrespective of maternal ART (72) . The guidelines go on to say that for women with a viral load of Ͻ1,000 copies/ml on ART, "data are insufficient to evaluate the potential benefit of cesarean delivery for prevention of perinatal transmission" (72) , as it is known that among women not infected with HIV, maternal morbidity and mortality are greater with cesarean than with vaginal delivery. Thus, for women with very low or undetectable viral loads, decisions should be individualized based on discussion between the obstetrician and the mother (72) .
Breast-feeding substantially increases the risk of MTCT of HIV-1 (26, 43) . In the United States, complete avoidance of breast-feeding for women with HIV has been advised since the mid-1980s (9), when the specifics of MTCT were still being elucidated. In settings where avoidance of breast-feeding is feasible, affordable, and culturally acceptable (as in the United States), its utility as an intervention in PMTCT programs is obvious (73) . As a result, breast-feeding among HIV-positive women in the United States is exceedingly uncommon (73) .
HAART is recommended for all pregnant women, including women who do not require treatment for their own health, in order to optimally prevent perinatal transmission and minimize the risk of maternal development of resistance to ARVs, with the goal being for women to have undetectable levels of HIV-1 RNA (72) . A minimum of three drugs is recommended even for women who would not otherwise require therapy (40, 72) .
Today, PMTCT services are widespread in the United States, but treatment is complicated, is labor-intensive, and requires input from providers with expertise in HIV and pregnancy. Current recommendations for HIV-infected pregnant women have evolved considerably over the years. While HAART is recommended for all pregnant women, for those not already on HAART prior to pregnancy, consideration of delaying therapy until after the first trimester of pregnancy is generally regarded as prudent, given the potential for drugrelated toxicities in the first trimester. Some ARV agents are avoided in pregnancy; efavirenz in particular should be avoided given its potential for teratogenicity early in pregnancy (19, 85) , and nevirapine has the potential to cause severe hepatotoxicity in pregnant women with higher CD4 ϩ cell counts (55, 72) . Regimens containing zidovudine are favored when feasible (72) . Furthermore, HIV-infected pregnant women should receive zidovudine as a continuous infusion 496 BUCHANAN AND CUNNINGHAM CLIN. MICROBIOL. REV.
during labor, with zidovudine prophylaxis provided to the infant within 12 h after birth and continuing for the first 6 weeks of life (72) . It is noteworthy, however, that there are no data to suggest decreased efficacy in PMTCT when maternal zidovudine is given as an oral regimen (which is in fact what is done in much of the developing world). After pregnancy, women who do not meet criteria for treatment according to adult guidelines may be considered for cessation of therapy (72), although the long-term consequences of treatment initiation due to pregnancy with subsequent interruption remain unknown. The 2008 Public Health Service Task Force Guidelines describe best treatment options for different clinical scenarios, depending on whether the expectant mother is treatment-naïve or experienced and whether HAART is recommended for her own optimal health (72) . It is interesting to see that almost 15 years after PACTG 076, zidovudine is still a key component of therapy in the United States for PMTCT (40) .
PMTCT IN AFRICA
Recently revised estimates from the Joint United Nations Programme on HIV/AIDS (UNAIDS) shows that steady progress has been made in the provision of ART for pregnant women as part of PMTCT in low-and middle-income countries (44) . As the primary advocate for comprehensive global action on the HIV epidemic around the world, UNAIDS' mission involves leading and supporting an expanded response to HIV/AIDS, including prevention efforts, provision of care and support, and alleviation of the impact of the epidemic. At present, the UNAIDS Secretariat works in more than 80 countries worldwide (48a) . Figure 3 illustrates the dramatic progress that has been made in recent years, with ART coverage of pregnant women increasing from only 9% in 2004 to 33% in 2007 (44) .
With the support of the U.S. President's Emergency Plan for AIDS Relief (PEPFAR), an estimated 6,000,000 pregnant women received PMTCT services in 2006, including counseling and testing for HIV and ART if the woman was found to be HIV positive. Over 500,000 received ART, which it is estimated resulted in the prevention of Ͼ100,000 newborn infections (71a, 95) . Furthermore, through the Elizabeth Glaser Pediatric AIDS Foundation (one of the largest programs for the provision of PMTCT services), more than 2.6 million women accessed services over a 6.5-year period, with 75% of HIV-positive women receiving ARV prophylaxis (81) .
Obviously, in order to effectively prevent MTCT of HIV, one must first identify all HIV-positive pregnant women. Testing must be simple, accurate, and inexpensive so that it can be provided to all pregnant women in settings where access to health care is not universal and acceptance of HIV testing is not automatic. In addition, once testing identifies a woman as being HIV positive, a comprehensive PMTCT package should include laboratory testing to determine the woman's disease status and her need for treatment for her own health, ART as clinically indicated, testing for the infant, and treatment for the infant. Such services are necessary but are costly, labor-intensive, and dependent on clinical expertise. In reality, most less developed countries rely heavily on clinical staging of disease severity as an indication to start therapy. While CD4 testing may be available, viral load testing is rarely an option.
Testing without intervention, or intervention without testing, is useless; each is dependent on the other to prevent MTCT. Across Africa, significant strides clearly have been made in each area, but each has its own barriers and to date, effective prevention of MTCT remains the exception rather than the rule.
HIV Testing and Counseling in Africa
While testing and counseling of pregnant women are now widespread in the United States and many other developed countries, much of the continent of Africa lags far behind. Surveys from 12 high-burden countries in sub-Saharan Africa reveal that a median of only 10% of women have been tested for HIV and know their status (96) . Low levels of knowledge of HIV status translate into most individuals receiving testing only when they have become symptomatic and are often in the advanced stages of disease. One of the greatest challenges to improving the effectiveness of PMTCT programs is to increase the testing of pregnant women. While some women in the developing world seek medical care during pregnancy but do not deliver in a health care facility, there are also many women who present to health care facilities without having received prenatal care; strategies to test women in both of these settings are different but equally important in order to reach all women (96) . Therefore, provision of HIV testing early in pregnancy and/or at the time of delivery for all women will require significant changes in the overall delivery of prenatal care for most women. In recognition of this need, provider-initiated testing and counseling have been endorsed by the G8 leaders in 2005 and the United Nations General Assembly in 2006 as an essential step in working toward universal access to HIV care and treatment (96) . As in the United States, UNAIDS and WHO recommend "opt-out" testing initiated by health care providers (96) . Specifically, HIV testing is recommended (i) for all patients, irrespective of epidemic setting, whose clinical presentation might result from underlying HIV infection; (ii) as a standard part of medical care for all patients attending health facilities in generalized HIV epidemics; and (iii) more selectively in concentrated and low-level epidemics (96) . Furthermore, the guidelines emphasize that antenatal, childbirth, and postpartum health services are considered a priority for the implementation of provider-initiated HIV testing (96) .
Kenya is one country that has expanded its HIV testing and counseling services significantly over the last several years. In 2000, the government committed to the rapid expansion of services with a commitment to open 350 testing sites over four years, with five sites in each of Kenya's 70 districts. While rapid scale-up was achieved, with 680 voluntary counseling and testing sites at the end of 2005, an estimated 75% of Kenyans still did not know their HIV status (58) . Furthermore, the number of new infections in Kenya appears to have risen over the last few years, with a prevalence of 6.7% in 2003 compared to an estimated 7.1 to 8.5% in 2007 (44) .
Multiple perceived barriers have been identified as inhibiting participation in voluntary counseling and testing in subSaharan Africa: fear of actually testing positive and the psychological stress that this entails, concerns regarding the confidentiality of test results, and fear of social stigmatization (93) . A small but significant number of HIV-positive women will experience domestic violence as a result of disclosing their status to their partner (46) . Furthermore, practical barriers such as transportation and expenditures also play a considerable role in limiting access to testing (93) .
A recent study at a rural district hospital in Malawi sought to illuminate the reasons behind loss to follow-up among HIVpositive women in a PMTCT program. Fear of stigma and discrimination, lack of support from spouses, and inability to afford transportation costs were all cited. Furthermore, some women stated that they were not prepared for HIV testing and perceived it as being obligatory (8) . One study participant was quoted as saying, "When you arrive for PMTCT you are given some information on the importance of PMTCT and then you are suddenly tested for HIV. We are not prepared for this" (8) . Another look at a PMTCT program elsewhere in Malawi found an important reason that women actually went for HIV testing was to "confirm and protect." Many women chose to go for HIV testing due to anxiety regarding their own HIV status, suspecting that they may be infected and if so, desiring to protect their children from infection (51) .
The largest experience in Malawi with regard to testing of pregnant women comes from a retrospective analysis conducted over a 4-year period in the capital city of Lilongwe. Four antenatal clinics reaching a population of 20,000 pregnant women revealed that acceptance of HIV testing increased from 45% to 73% when rapid (same-day) testing was instituted. Furthermore, when opt-out testing was instituted, 99% of mothers agreed to being tested (65) . In summary, testing for HIV is more widely available than in the past, though it still remains underutilized in many areas due to a number of factors. The first step to interrupt MTCT of HIV is identification of those at risk so that they may be provided with therapy and information to decrease the risk of infection in their infant.
Availability of ART for Pregnant Women in Africa
While combination ART successfully treats HIV-infected persons, the primary reason for administering these drugs during pregnancy if the pregnant woman is not immunocompromised and not in need of therapy for her own health is prophylaxis for the unborn child. ART is readily available for most persons with HIV in the United States and other resource-rich countries, though the same has certainly not been true for resource-poor countries, including most of sub-Saharan Africa. In 2005, only an estimated 15% of HIV-positive pregnant women worldwide received ARV prophylaxis (44, 46) , and only rarely does the ART include HAART. As a consequence, children account for more than 10% of all new infections (95) .
The majority of HIV-positive women reside in eastern and southern Africa. In 2005, eight countries in southern Africa had adult prevalence rates exceeding 15% (48) . Not insignificantly, three countries in sub-Saharan Africa-Swaziland, Namibia, and South Africa-three of the most severely affected countries, doubled their maternal ART prophylaxis uptake among pregnant women (44, 95) .
For the past decade the international community has increasingly recognized the need for improved service provision for women and children through PMTCT programs. The global scale-up of PMTCT has been slow, but has made important strides. At the end of 2004, more than 100 countries had established PMTCT programs. However, only one country in sub-Saharan Africa (Botswana) and only 16 countries in total had achieved national coverage (95) .
Still, the successes are deserving of notation. In Botswana, where the government has made PMTCT services a priority, rates of HIV transmission to exposed babies have dropped to 4% (44) . In South Africa, PMTCT coverage increased fromthat "single-dose nevirapine" can be effective to prevent MTCT, based on the landmark HIVNET 012 study in Kampala, Uganda (36) . The term "single dose" may be confusing, as the regimen is in fact two doses: one to the woman in labor and a second dose to the infant in the first 72 h of life. If the woman misses her intrapartum dose, the infant should receive two doses, one immediately after birth and the second dose at 24 to 48 h (62). The single-dose nevirapine regimen, as it results in therapeutic levels of nevirapine in the infant for at least 10 days (63), could provide protection to breast-fed infants in the first week or two of life, as breast-feeding is the nutritional norm in most of sub-Saharan Africa and other less developed countries (36) .
HIVNET 012 enrolled 692 HIV-1-infected pregnant women and randomly assigned mother-infant pairs to receive a single dose of nevirapine (200 mg to mothers at onset of labor and 2 mg/kg to the infant within 72 h of birth) or zidovudine (at the onset of labor and every 3-h until delivery for the mother and 4 mg/kg twice daily for the infants in the first week of life). As is the norm in sub-Saharan Africa, the vast majority of babies were breast-fed, with Ͼ95% still being breast-fed at 14 to 16 weeks. The risk of transmission at this time point was 25.1% for the zidovudine arm and 13.1% for the nevirapine arm (P Ͻ 0.001), showing that a single dose of nevirapine given to the mother at the onset of labor and to the newborn within 72 h of birth lowered the risk of HIV transmission to the infant by 47% compared to a short course of zidovudine. Even more important, among this breast-fed population, HIV-free survival was demonstrated to be significantly longer for infants on the nevirapine arm than for those on the zidovudine regimen (36) .
Based on HIVNET 012, single-dose nevirapine became a primary tool for PMTCT in resource-poor settings. Not only was it cost-effective, it was simple and deliverable (39) . It was subsequently endorsed by the World Health Organization in 2000 (3, 94) and is currently still used for PMTCT in many resource-poor settings (94) .
There is a cost to this simple regimen, however, in that single-dose nevirapine can induce the selection of HIV-1 resistance mutations in mothers and infants (3) . While the extent of this problem is not yet fully elucidated, a number of studies have shown that a single dose of the drug, in part due to its long half-life, can promote drug resistance (28) . This risk of resistance can be reduced by the addition of a 1-week "tail," that is, having the mother continue nucleoside reverse transcriptase inhibitors for 1 week during the time that measurable amounts of nevirapine remain in her system (60) .
Not long after the HIVNET 012 results were reported, it was demonstrated that combination regimens were more effective than single-drug regimens in reducing MTCT. The studies by Taha et al. in Malawi (83, 84) compared single-dose nevirapine plus a short course of zidovudine given to infants in the first week of life with a regimen of single-dose infant nevirapine alone in a breast-fed population. When mothers presented late for delivery and received no intrapartum nevirapine, there was significantly reduced HIV transmission at 4 to 8 weeks of life in those receiving two drugs (at 6 to 8 weeks, 7.7% in the nevirapine-plus-zidovudine group compared to 12.1% in the nevirapine-only group; P ϭ 0.03) (83) . However, when women did receive intrapartum nevirapine, the addition of a short course of zidovudine to single-dose nevirapine for infants did not decrease MTCT compared to nevirapine alone (at 6 to 8 weeks, transmission was 6.9% in the nevirapine-plus-zidovudine group compared to 6.5% in the nevirapine-only group; P ϭ 0.88) (84) .
Another study that supports an advantage of dual therapy in the prevention of MTCT comes from Thailand. Investigators conducted a randomized, double-blind trial with three treatment arms among 1,844 HIV-infected Thai women and their non-breast-fed infants. All women received antenatal zidovudine, and all babies received zidovudine in the first week of life. In addition, in one treatment arm mothers and infants received a single dose of nevirapine; in a second treatment arm, mothers and infants received nevirapine and placebo, respectively; and in a third arm, both mothers and infants received placebo. This "double-placebo" group was stopped early, as transmission rates were 6.3%, compared to 1.1% in the "double-nevirapine" group and 2.8% in the nevirapine-placebo group. Thus, this study demonstrated the high efficacy of adding maternal intrapartum nevirapine to oral zidovudine for further reduction in MTCT compared to zidovudine alone (53) .
For HIV-positive women not qualifying for HAART initiation, the current preferred regimen for PMTCT in resourcepoor settings, as recommended by the World Health Organization, is as follows: (i) for the woman, zidovudine beginning at 28 weeks gestation, followed by intrapartum zidovudine, lamivudine, and nevirapine and then by zidovudine plus lamivudine for 7 days postpartum, and (ii) for the infant, a single dose of nevirapine within 72 h of birth followed by a week-long course of zidovudine (94) . This regimen has been chosen both to reduce the incidence of MTCT of HIV and to decrease levels of HIV-1 RNA resistance (94) . Not all countries will have the ability to immediately implement this regimen, and single-dose nevirapine will continue to be used. It has now been 2 years since the WHO recommendations, and it is clear that single-dose nevirapine still predominates. It should still, however, be considered "a short-term interim measure while steps are being taken to enable more effective regimens to be delivered" (94) .
Other Interventions to Reduce MTCT
Other PMTCT services of proven benefit, such as elective cesarean section and avoidance of breast-feeding, are difficult to achieve in resource-limited settings. In many resource-poor countries, elective cesarean section is not feasible (82, 94) , for reasons such as inadequate infrastructure and staffing and/or the lack of a skilled birth attendant during labor (51) . In subSaharan Africa, a skilled birth attendant is present at fewer than half of all deliveries, which is a significant challenge to the successful implementation of PMTCT services (46) . Furthermore, many women choose to give birth at home for social and cultural reasons. While the benefits of elective cesarean section for HIV-positive women is unclear for women on HAART and with undetectable maternal viral loads at the time of delivery (72, 90) , women in resource-limited settings often do have replicating virus at the time of delivery; hence, there is the potential for benefit from availability of elective cesarean section.
The Breast-Feeding Dilemma
Breast-feeding in the developing world remains an important means of acquisition of HIV-1 infection for infants (25, 43) . PMTCT programs report significantly lower rates of MTCT in non-breast-fed than in breast-fed populations (25) . However, overall morbidity and mortality are often worsened by formula feeding, as breast milk replacement results in increased infant death from diarrhea and other infectious diseases where access to clean water and affordable replacement feeding are not guaranteed (46) . For the majority of women in resource-poor countries, the tragic reality is that there is no choice but to breast-feed one's child; thus, breast-feeding remains an important route for contraction of HIV-1 for infants. Estimates from 2005 data suggest that 630,000 to 820,000 infants became infected with HIV, including 280,000 to 360,000 who became infected via breast milk (45) .
Current recommendations for women in developing countries advise that formula feeding be used only when it is "acceptable, feasible, affordable, sustainable, and safe" (94) . For many women, avoidance of breast-feeding is socially unacceptable and often not sustainable for financial and other reasons. Furthermore, "safe" formula feeding requires access to clean water, another formidable challenge for many in developing countries (94) . Exclusive breast-feeding is associated with improved child survival (25) . The WHO recommendations otherwise advise exclusive breast-feeding for the first 6 months of life and emphasize that providers should offer guidance and support to infected women, particularly when cessation of breast-feeding occurs (94) . However, exclusive breast-feeding is rarely a cultural norm in African settings (29) , as it is culturally appropriate and often expected to introduce simple foods and liquids along with breast milk very early in life.
As zidovudine has been shown to reduce MTCT risk when given during pregnancy (23, 53) , it has also been studied for evidence of efficacy against breast milk transmission of HIV. The Mashi Study in Botswana randomized 1,200 HIV-infected pregnant women and their infants to compare the efficacy of breast-feeding with prolonged infant zidovudine therapy to formula feeding with short-course infant zidovudine therapy. All infants received single-dose nevirapine at birth and then were randomized to receive either zidovudine and breast-feeding for 6 months or zidovudine for 1 month with formula feeding. The risk of infant transmission at 7 months of age was higher in the breast-fed arm than in the formula-fed arm (9% versus 5.6%), though cumulative mortality at 7 months was higher in the formula-fed group. The 18-month HIV-free survival was similar for the two groups (88) .
In Malawi, the large phase III Post-Exposure Prophylaxis of Infants (PEPI) trial was recently completed, involving more than 3,000 HIV-exposed infants. This trial showed reduced postnatal MTCT among a breast-fed population receiving extended prophylaxis to 14 weeks of life. All infants received single-dose nevirapine at birth plus twice-daily zidovudine for 1 week. Infants were then randomized to one of three groups: a control arm (no further therapy), an extended-nevirapine group with daily nevirapine until 14 weeks of life, and an extended-dual-prophylaxis group with both nevirapine and zidovudine until 14 weeks of life. All infants were breast-fed. At 9 months, the rates of infant HIV infection were significantly lower in the extended-therapy groups than in the control arm (5.2% in the extended-nevirapine group [P Ͻ 0.001] and 6.4% in the extended-dual-prophylaxis group [P ϭ 0.002], compared to 10.6% in the control group). The two extendedtherapy groups did not differ significantly (52) .
The Six-Week Extended Dose Nevirapine (SWEN) study conducted in Ethiopia, India, and Uganda did not show a significant reduction in HIV transmission risk at 6 months when nevirapine was used for only the first 6 weeks of life. The SWEN study randomized Ͼ2,000 infants to receive either single-dose nevirapine at birth or a single dose followed by a 5-mg daily regimen beginning on day 8 of life and continuing to 6 weeks of age. All infants were breast-fed. At 6 weeks of age, 54 babies in the single-dose group and 25 in the extended-dose group were HIV infected (relative risk, 0.54; P ϭ 0.009). At 6 months, however, there was no statistically significant difference between the two groups, with 87 babies in the single-dose group and 62 in the extended-dose group infected (relative risk, 0.80; 95% confidence interval, 0.58 to 1.10; P ϭ 0.16). These data suggest that a course longer than 6 weeks may be more effective in preventing breast milk transmission where safe replacement feeding is not an option (5).
Whether breast-feeding is "exclusive" or "mixed" has also been shown to be of particular importance in the risk of MTCT. Exclusive breast-feeding has been found to have a significantly lower transmission risk than mixed feeding (25, 38) . A large Zimbabwean study found that the introduction of animal milk or solid foods before the age of 3 months was associated with a fourfold greater risk of perinatal HIV transmission at 6 months compared to exclusive breast-feeding (38) . A later study in South Africa found that infants born to HIVpositive women who were breast-fed but also received solids (generally in the form of porridge or cereal) were more than 10 times as likely to acquire HIV infection as those infants who were exclusively breast-fed (25) . Furthermore, the exclusively breast-fed infants in this study had a cumulative 3-month mortality of 6.1%, compared to 15.1% in infants given replacement feeds (25) . This increased risk of HIV transmission with mixed feeding is thought to be due to a disruption in the integrity of the intestinal mucosa, which is normally protected by breast milk (25) , allowing HIV to more readily penetrate these microabrasions.
Other factors associated with the risk of transmission via breast-feeding include maternal viral load and CD4 ϩ count, as well as some clinical parameters. Women with increased HIV-1 RNA in plasma and breast milk have an increased risk of transmitting the virus to their infants through breast-feeding. Low maternal CD4 ϩ count is also independently associated with an increased breast-feeding transmission risk. Clinical factors such as maternal breast health (mastitis or cracked nipples) and infant oral candidiasis also increase transmission risk (43) . The longer the duration of breast-feeding, the greater the cumulative risk of postnatal HIV transmission (26, 43) . Finally, it appears that breast milk viral load is significantly higher after rapid weaning and thus may pose an increased transmission risk to infants who are weaned but then resume breast-feeding at a later time (87) . While new studies continue to shed light on this subject, the lack of accurate estimates of the risk of HIV acquisition via breast-feeding combined with an ever-changing body of literature regarding optimal feeding 500 BUCHANAN AND CUNNINGHAM CLIN. MICROBIOL. REV.
on July 31, 2017 by guest http://cmr.asm.org/ practices has left many women and their medical providers confused and unsure regarding the best infant feeding options.
RESISTANCE AND DRUG TOXICITIES
While the provision of ARVs to HIV-infected women and their babies has played a major role in reducing MTCT, new problems related to drug toxicities and ART resistance have begun to emerge and need to be addressed. ART toxicity in infants has certainly been questioned and in some instances proven, and regardless, this warrants further study. Infant toxicity risks depend on the duration of exposure for the baby (including in utero and during the neonatal period) and the type and number of drugs (91) . No studies yet have shown an increased risk of congenital malformations or childhood cancers associated with ARV drug exposure in utero (91) . Hematologic abnormalities, most commonly associated with zidovudine exposure, are well described (32, 91) .
Signs of mitochondrial toxicity in infants exposed to longterm ARV regimens have also been described, though other groups have failed to find this effect, and this issue continues to be debated. A case report published in 1998 describes an infant born to an HIV-infected female who was exposed to zidovudine in utero and was on standard prophylactic zidovudine from birth; on day 9 of life, she developed a sudden onset of respiratory distress with severe metabolic acidosis and a dramatic rise in serum lactate. Other common causes for lactic acidosis (hypoxia, shock, etc) were excluded on a clinical basis, and the abnormal lab and clinical findings returned to baseline within 24 h of stopping zidovudine therapy (78) . Subsequently, a retrospective analysis of symptoms of mitochondrial dysfunction in infants of HIV-infected women in France reported eight children with mitochondrial dysfunction, all of whom had been exposed to zidovudine (with four exposed to zidovudinelamivudine). Five of the children presented with neurologic symptoms, most notably seizures, and two of these subsequently died. The other children were asymptomatic but had significant laboratory abnormalities, including elevated lactate, transaminases, and/or pancreatic lipase. All children were treated after birth with either zidovudine or zidovudine-lamivudine (6) . Following this review, the French Perinatal Cohort examined over 2,500 infants exposed to ARVs and found evidence for mitochondrial toxicity in 12 children, most of whom had cognitive delay and abnormal magnetic resonance imaging findings. Eleven of 12 showed a profound deficit in one of the respiratory chain complexes. The estimated 18-month incidence was 0.26%, compared to the general figure of 0.01% in the general pediatric population (4). Other similar cases of hyperlactatemia and/or mitochondrial dysfunction have been reported elsewhere in Europe and Canada (1, 69) .
More recently, a prospective study conducted among womeninfant pairs in Cote d'Ivoire compared infants exposed to nucleoside analogs (zidovudine or zidovudine-lamivudine) in utero to infants with nevirapine exposure only. Serum lactate levels were measured at 4, 6, and 12 weeks of life, and investigators found no difference in the 3-month period prevalence of hyperlactatemia between the two groups. Furthermore, of those with elevated serum lactate levels, none were symptomatic (30) . The data to date suggests that there is possibly a very small risk of mitochondrial dysfunction in babies with nucleoside reverse transcriptase inhibitor exposure. The sensitivity and specificity of elevated lactate as a marker for mitochondrial dysfunction in such instances remain unclear.
The fact that ART resistance may occur in both women and infants following prophylactic ART (as in the case of PMTCT) is well established, but how this should affect management remains highly controversial. Single-dose nevirapine still remains the primary option for PMTCT of HIV-1 in resourcelimited countries. As such, its use can result in viral resistance mutations which may compromise future ART regimens for mothers and/or their babies (21, 31, 60) . As more women receive single-dose nevirapine for PMTCT, over time many of them are presenting a second time for prevention, leading to a recent analysis of the effectiveness of single-dose nevirapine when used in consecutive pregnancies (57) . Several studies are worthy of mention here; Table 2 highlights several of the more recent trials. The Botswana Mashi trial showed that women who received single-dose nevirapine as part of PMTCT had higher rates of virologic failure than women without nevirapine exposure when ART was initiated within 6 months of delivery (54) . However, whether this "virologic failure" is clinically significant is not entirely clear. Jourdain et al. found that Thai women who received intrapartum nevirapine compared to placebo were more likely to "fail" therapy with a nevirapinecontaining regimen when that regimen was begun within 6 months of the nevirapine exposure (49) . "Failure" was defined as the inability to achieve viral suppression of Ͻ50 copies at 6 months after starting ART. Again, a failure in terms or clinical or immunological response is not described. Thus, resistance certainly has been shown to occur, though its impact on subsequent therapy is not yet entirely elucidated.
Other drugs and their potential for reducing resistance continue to be investigated. A Zambian study recently showed that Truvada (tenofovir-emtricitabine), given to the mother as a single dose at delivery, reduced resistance to nonnucleoside reverse transcriptase inhibitors by half at 6 weeks after delivery (21) . However, the addition of Truvada to short-course zidovudine and peripartum nevirapine did not further reduce perinatal transmission rates in this setting (20) . Finally, other studies have shown that a "tail" of nonnucleoside reverse transcriptase inhibitors given for at least 1 week after a dose of nevirapine does reduce the frequency of detection of nevirapine resistance mutations (60) .
COMPARISON OF TWO CONTINENTS AND LESSONS LEARNED
What can we learn from experiences both in the West, where access to successful prevention and interventions is widespread, and on the continent of Africa, where increasing access to lifesaving interventions has only just begun? A look at the WHO's comprehensive strategic approach to PMTCT is helpful to determine whether programs are on track and, if not, what changes need to be made. While the focus of this review is prevention of HIV transmission from mothers to infants, this is just one of the four key components outlined by WHO, each of which is worthy of review: (i) primary prevention of HIV infection among women of childbearing age; (ii) prevention of unintended pregnancies among women living with HIV; (iii) prevention of HIV transmission from mothers living with HIV (94, 95) . Primary prevention of HIV infection in adults is of paramount importance to addressing the epidemic, and progress continues to be inadequate worldwide. The fact that more than 56,000 new infections occurred in the United States in 2006 is a sobering reminder that the epidemic is far from over, even among the most developed countries (16) . While homosexual and bisexual men are most heavily affected in the United States, women comprise 25% of all those living with the disease, with the majority of them being in their childbearing years, and a significant number remain unaware of their status (15) .
In several African nations, women carry more of the disease burden than men (95) . For sub-Saharan Africa overall, women constitute Ͼ50% of those living with HIV (44) . Central to primary prevention of HIV infection is having access to testing, counseling, and prevention services. However, in sub-Saharan Africa, only 12% of men and 10% of women knew their HIV status in 2006 (34) . Furthermore, there are many who still lack basic, accurate information on how to avoid infection. The global goal of ensuring comprehensive knowledge of HIV among young people by 2010 is far from being met, with surveys from 64 countries showing an estimated 40% or fewer possessing such information (44) .
Prevention of unintended pregnancies is an important component of the WHO's strategic approach for PMTCT but tends to receive the least attention. Preventing unintended pregnancies can have an important effect on reducing the number of infants born with HIV (74) . Previous studies demonstrated that current levels of contraceptive use in sub-Saharan Africa have prevented more than 170,000 unintended HIV-positive births annually-more than 400 HIV-positive children each day (74, 75) . However, there remain an estimated 120 million couples worldwide with an unmet need for contraception (22, 34) and, therefore, thousands of unintended HIV-positive births occurring each year (74) .
The care and treatment for mothers living with HIV and their families have also received little attention. While women in most developed countries have access to HAART for treatment and PMTCT, developing countries have significant ground left to cover. The identification of pregnant women with HIV should be used as an entry point for the entire family to access HIV testing and, if necessary, long-term follow-up and treatment (95) . Without strong referral links between PMTCT services and HIV treatment programs for infected women and their children, many will fail to receive adequate care (34) , ultimately leading to poorer maternal health and increased risks of transmission to future children.
Clearly, resource-rich countries such as the United States and much of Europe have been better able to control the HIV epidemic, particularly with regard to the prevention of vertical transmissions. Due to a dearth of resources and inadequate infrastructure, the majority of poor countries remain with great challenges. The scale-up of PMTCT comes with major programmatic challenges even for those countries with obvious commitment and decent access to maternal and child health services (46) .
While the stark contrast between rich and poor countries in their success of PMTCT of HIV is largely due to a difference in resources, there are many barriers to effective prevention and treatment which appear to be universal. HIV testing remains a challenge for developed and less-developed countries alike. The fact that one in five HIV-positive Americans is unaware of their diagnosis (15) speaks to our inadequacies in achieving universal testing, counseling, and prevention services in this country. Fear of disclosure, regardless of country or cultural setting, is often a significant barrier to receiving testing and treatment.
CONCLUSION
In conclusion, PMTCT has made great strides, particularly in the United States and other developed countries, such that the birth of children with HIV in such countries today has become a rare event. As the leading risk factor for MTCT is maternal plasma HIV RNA load (24, 35, 42, 64, 71, 80) , the priority is decreasing the viral load to undetectable levels with ARVs by the time of delivery. With a combination of comprehensive services available for all pregnant women, including universal provision of testing, ARV prophylaxis during pregnancy, and caesarean section delivery prior to labor and rupture of membranes (if indicated), along with safe replacement feeding and ARVs for the infant in the neonatal period, HIV transmission can be reduced to less than 2% (17, 28, 40, 41, 67, 72, 90, 91) .
In most of sub-Saharan Africa, the situation differs dramatically. While transmission risk factors remain the same, the existence of fewer options for women, including access to HAART during pregnancy, elective cesarean sections, and safe and culturally acceptable alternatives to breast-feeding, means that rates of MTCT remain much higher. Successes over the past decade are notable and deserving of recognition. There still remain, however, an estimated two-thirds of pregnant HIV-positive women in low-and middle-income countries with an unmet need for ARVs during pregnancy (44) .
Further work is needed in particular to determine the optimal means to reduce transmission through breast milk, which remains a dilemma for HIV-positive women (46) especially in sub-Saharan Africa. Current strategies being studied include longer-term HAART for HIV-positive breast-feeding women, longer-term therapy for babies after delivery, or vaccines (37) . At present, the best options seem to be exclusive breast-feeding for the first 6 months of life, with particular avoidance of mixed feeding. However, counseling, public education, and ongoing support of women who, until now, have received very mixed messages regarding optimal infant nutrition are sorely needed.
The target set forth by the United Nations General Assembly Special Session on HIV/AIDS in 2001 is to reach 80% of pregnant women in need with PMTCT services by 2010. Over the last few years, several of the countries hardest hit by the HIV epidemic have proven that scale-up of PMTCT services is possible (46) . With continued effort from the research and care community, the existence of newly infected HIV-positive infants and children can become a historic discussion rather than a pressing clinical dilemma.
